Stimulation of phospholipase D by phorbol esters and ionomycin in bovine corneal epithelial cells.
This study was performed to determine the effects of phorbol esters and ionomycin on phospholipase D (PLD) activity in bovine corneal epithelial cells (BCEC). The cells were prelabeled with [3H]myristic acid and incubated for specific time intervals with various test agents in the presence and absence of ethanol. The PLD activity was assayed by monitoring the formation of labeled phosphatidylethanol ([3H]PEt) in [3H]myristate labeled cells. In the absence of ethanol, 1 microM phorbol 12-myristate 13-acetate (PMA) increased the formation of labeled phosphatidic acid ([3H]PA) with no significant effect on the radioactivity of [3H]PEt. In the presence of 85 mM ethanol, whereas there was only a small further increase in [3H]PA, the formation of [3H]PEt was increased by several-fold, demonstrating activation of PLD by the phorbol ester. The effects of PMA were time- and dose-dependent, and were mimicked by phorbol 12,13-dibutyrate. The inactive phorbol derivatives, 4-alpha-phorbol, 4-alpha-phorbol 12,13-didecanoate, 4-alpha-phorbol 12-myristate 13-acetate and 4-alpha-phorbol 12,13-dibutyrate, were without effect. Short-time (30 min) incubation of BCEC with staurosporine or H-7, or prolonged (20 hours) incubation with PMA rendered the cells less sensitive to subsequent treatment with PMA, suggesting that activation of PLD in the cells is mediated by protein kinase C (PKC). Addition of 20 microM ionomycin in the presence of ethanol also increased the formation of [3H]PA and [3H]PEt in a time- and dose-dependent manner. Co-presence of ionomycin and PMA at submaximal concentrations in the incubation medium resulted in increased formation of [3H]PA and [3H]PEt which was less than their individual effects combined, indicating a lack of synergism between Ca2+ and PMA in activating PLD. Incubation of BCEC with staurosporine resulted in significant inhibition of ionomycin-induced production of [3H]PEt, suggesting that in addition to direct activation of PLD by Ca2+, the enzyme is probably stimulated by sequential activation of PLC (producing diacylglycerol) and PKC following the ionomycin addition. We conclude that BCEC possess PLD which is stimulated by PKC as well as elevated intracellular Ca2+.